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Magnetoplasmonic crystals based on commercial digital discs Transversal magneto-optical Kerr effect (TKE) controlled by surface plasmon-polariton resonances is studied in nickel and combined silver/nickel magnetoplasmonic crystals fabricated on the base of commercial digital discs with periods of 320 nm, 740 nm, and 1500 nm. Wood's anomaly is observed in visible and near IR spectral ranges due to fulfilment of phase-matching conditions between surface plasmons and À1, À2, and þ1 diffraction orders for the samples with these periods, respectively. Small values of magneto-optical effects strongly restrict their practical applications. Several topics of photonic researches are targeted on the enhancement of magnetooptical response by nanostructuring of magnetic materials. One of them is a magnetophotonic crystal approach, which allows one to enhance magneto-optical Faraday or Kerr effects at the edge of photonic band gap or at the microcavity mode. [1] [2] [3] Recently, magneto-optical effects' enhancement was also observed in different types of magnetoplasmonic nanostructures utilizing both local and propagating surface plasmons. [4] [5] [6] [7] [8] [9] [10] Magnetoplasmonic nanostructures represent a special class of plasmonic nanostructures fabricated from magnetic metals, for example, from nickel, cobalt, iron or from composites of magnetic materials and noble metals. [4] [5] [6] [7] [8] [9] [10] Such structures possess simultaneously magneto-optical activity and surface plasmon-polaritons' (SPPs) resonances. Enhancement of magneto-optical effects appears in the narrow spectral range of SPP resonances and makes these structures attractive for various applications. Development of novel magnetoplasmonic nanostructures for practical applications requires cheap, macroscale, and universal plasmonic platform representing periodic subwavelength metal structures. One of the examples of such commercial structures is digital discs. The surface of digital disc under protective layer represents a set of periodic spiral data tracks, which can be used as templates for fabrication of macroscale magnetoplasmonic nanostructures by deposition of magnetic metals onto uncovered digital discs.
In this work, transversal magneto-optical Kerr effect (TKE) in one-dimensional (1D) magnetoplasmonic crystals based on commercial digital discs is studied. Samples of 1D magnetoplasmonic crystals represent periodic nickel and silver/nickel grooves at the metal surface.
II. SAMPLES
The samples of magnetoplasmonic crystals were fabricated by using polymer templates of commercial digital discs. The polymer spiral gratings inside the Blu-ray disc (BD), DVD, and CD have declared periods of 320, 740, and 1600 nm, respectively. First, protective layer of the digital discs' surface was mechanically removed. Then, metals (silver or nickel) were sputtered on the residual polymer gratings by ionic-plasma deposition. Nickel magnetoplasmonic crystals were fabricated using BD and CD by sputtering the 100-nm-thick nickel films on polymer gratings. The silver/ nickel nanostructures were fabricated by sputtering the 100-nm-thick silver and the 5-nm-thick nickel films on BD and DVD. Spatial profiles of the samples obtained by atomic-force microscopy (AFM) are shown in Fig. 1 . The obtained periods d of the samples are equal to (320 6 20), (740 6 50), and (1500 6 100) nm and profile heights h are approximately equal to ' 15; ' 100, and ' 100 nm for BD, DVD, and CD, respectively. The profiles have nonsinusoidal shape, which leads to multiple harmonics in spatial Fourier spectra. Magnetic properties of studied samples were measured by vibrating sample magnetometer. Saturated magnetic field strength appears to be below H ¼ 500 Oe for in-plane direction for all samples.
III. RESULTS AND DISCUSSION
All measurements of reflection and TKE spectra were carried out in the p-polarization (polarization of the incident light was in the incident plane). Halogen lamp with a monochromator was used as a light source, and a photomultiplier tube with a lock-in amplifier was used as detector. The TKE spectra were measured by using a saturated external AC magnetic field oscillating at the frequency of 75 Hz with the amplitude of H ¼ 600 Oe. Magnetic field was oriented in the sample plane and perpendicular to the plane of incidence. The TKE value was defined as d ¼ ðRð þ HÞ À Rð À HÞÞ=ðRð0ÞÞ. The excitation of surface plasmons at the surface of metallic grating requires fulfilment of phasematching conditions between the incident electromagnetic wave and the propagating SPP written as follows: Fig. 2 . The minima in reflection spectra in the vicinity of k ¼ 620 nm show spectral ranges of SPP resonances corresponding to the fulfillment of the phase-matching condition involving the À1st diffraction order. Spectral width of the Wood's anomalies for the silver/nickel sample is smaller in comparison with the pure nickel case because the propagation length of plasmons at the silver/nickel surface, being L spp ' 20 lm at k ¼ 600 nm, significantly exceeds L spp ' 2 lm at the nickel surface. The spectral dependences of TKE have strong asymmetrical Fano-type lineshape showing enhancement of TKE in the narrow spectral range. The TKE modulation at the SPP resonance achieves the value of Dd ' 0:01 for both samples. The spectral width of the TKE resonance between maximum and minimum is Dk ¼ 6 nm, which corresponds to the relative energy interval of Dx=x spp ¼ Dk=k spp $ 10 À2 . For silver/nickel magnetoplasmonic crystals, the derivative of TKE spectrum at the resonance achieves the value of dd=dk ¼ 1:5 Â 10 À3 nm À1 where TKE is one order of magnitude larger in comparison with plain silver/nickel film.
Reflection and TKE spectra of DVD-based silver/nickel magnetoplasmonic crystals measured at different angles of incidence are shown in Fig. 3 . Contrary to the BD case, the reflection spectra have the Fano shape in the vicinity of SPP resonances excited under phase-matching conditions corresponding to the À2nd diffraction order. The TKE modulation in the vicinity of the SPP resonance is increased under increasing the angle of incidence due to the increase of the efficiency of the light coupling to SPPs. The difference between maximum and minimum of TKE at the SPP resonance achieves the value of d ¼ 8 Â 10
À3 at h ¼ 65 that is one order of magnitude larger than that of the plain silver/ nickel film but less than for the BD-based silver/nickel Reflection and TKE spectra of CD-based nickel magnetoplasmonic crystals measured at the angle of incidence h ¼ 32 are shown in Fig. 5 . In this case, SPP excitation appears under the phase-matching condition corresponding to the þ1st diffraction order. The SPP excitation is manifested itself as wide and weak dip around k ¼ 825 nm. The TKE spectrum is also resonantly changed in the vicinity of the SPP resonance but TKE value and its derivative are smaller in comparison with BD and DVD based magnetoplasmonic crystals.
In conclusion, nickel and combined silver/nickel magnetoplasmonic crystals based on commercial digital discs are fabricated. Enhancement of transversal Kerr effect and the magneto-optical activity in the narrow spectral range of the SPP excitation is observed. The strongest changing of the TKE value and its spectral derivative at the SPP the resonances are observed for Blu-ray-based silver/nickel sample. . The SPP excitation condition for the case of the þ1st diffraction order is shown in the sketch.
